We investigated the variation in concentration of orientation among nocturnally migrating passerine birds. Using tracking radar, we recorded flight tracks of birds during spring and autumn migration and, with the aid of concurrent wind recordings, we calculated heading directions. The concentrations of track and heading directions were compared between seasons and also between different categories of migrants that were defined by flight speed and wing beat frequency. Wind drift was a dominant cause of the large scatter of track directions, especially for autumn migration. When wind effects were compensated for, we found only small differences in the concentration of heading directions between different categories of migrants. This shows that between-group variation is not a major source of the overall variation in orientation when groups are distinguished on the basis of airspeed and wing beat frequency. Although the total concentration of heading directions was almost exactly the same for spring and autumn migrants, there was an element of partial compensation for wind drift in spring but not in autumn. When we removed the effect of this compensatory behaviour by considering situations with low wind speeds, the concentration of headings during spring tended to exceed that during the autumn. This suggests a more accurate orientation of the birds during spring than in autumn, when a large proportion consists of naïve migrants on their first migratory journeys. The high concentration of heading directions of free-flying migrants are in clear contrast to the widely scattered distributions generally observed in orientation experiments with caged birds.
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Research on avian migratory orientation has mainly focused on the compass mechanisms and the cues that birds use to establish a migratory direction. However, the migratory direction is subject to considerable variation. In this study we evaluated sources of variation in migratory direction and decomposed the total variation into a number of possible factors. We restricted our attention to nocturnal passerine migrants, which travel solitarily.
Ringing recoveries show that migrants often spread over a wide geographical front, especially during the first autumn migration of juveniles. Juveniles are thought to orient according to an inherited vector program (Gwinner & Wiltschko 1978; Berthold 1991) , unable to make adjustments for artificial displacements during the journey, but adult birds may have learned cues that are used for true navigation (Perdeck 1958) . Rabøl (1978) suggested that birds travel by successive summation of flight steps (vectors), where the orientation varies between each flight step according to a circular probability distribution around the primary (mean) direction. This within-individual variation in orientation between one flight step and the next may be caused by limitations in the precision of the birds' compass mechanisms as well as by external influences of, for example, wind drift. Mouritsen (1998) and Mouritsen & Mouritsen (2000) investigated this idea further and claimed that such simple vector orientation is sufficient to explain the geographical distribution of ringing recoveries of juvenile night-migrating passerines. Mouritsen (1998) assumed that there is no difference in primary (mean) direction between individuals. However, Moore (1984) found significant between-individual differences in orientation cage experiments with Savannah sparrows, Passerculus sandwichensis. Thorup et al. (2000) showed that, taking interindividual variation into account, the long-distance ringing recoveries of pied flycatchers, Ficedula hypoleuca, were less scattered than predicted by vector summation only. Furthermore, Thorup & Rabøl (2001) pointed out important difficulties for simple vector summation to account for high-precision orientation in some species of long-distance passerine migrants.
